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SURVEYS OF RABBIT DAMAGE TO WHEAT 
IN ENGLAND AND WALES, 1950-52 


Summary by B. M. CHURCH 
Rothamsted Experimental Station, Harpenden, Herts 


F. H. JAcos 
Plant Pathology Laboratory, Harpenden, Herts 


AND HARRY V. THOMPSON 
Infestation Control Division, Tolworth, Surrey 


This paper summarizes recent work undertaken to test methods of assessing 
rabbit damage to cereals. It also gives the results of quantitative surveys of 
damage to spring wheat in Kent in 1950, and to winter wheat in most of England 
in 1951-52. The work is of particular interest because it is an attempt to 
obtain an objective estimate of damage caused to a crop throughout the country 
by a specific pest. The stimulus for the investigation came from several sources, 
and many people have been involved. It was planned by members of the 
Statistical Department at Rothamsted, the N.A.A.S. Conference of Advisory 
Entomologists, and the Ministry’s Infestation Control Division and Plant 
Pathology Laboratory. The advisory entomologists were not concerned with 
the 1950 survey in Kent, but none of the survey work could have been 
accomplished without the active co-operation of a large number of N.A.A.S. 
district advisory officers and farmers, to whom grateful acknowledgment is 
given. 


It has long been recognized that rabbits are an important pest in this 
country, but in some districts their meat and sporting values have often been 
offset against the damage they do—a factor which has frequently made it 
difficult to persuade individual farmers to take adequate control measures. 
In planning any national or area control campaign, therefore, it is clearly 
desirable to be able to give a quantitative estimate of the economic importance 
of rabbit damage. It was this consideration which, in 1949, led Dr. F. Yates to 
suggest to an inter-departmental Rabbit Control Working Party that a series of 
pairs of plots, one in each pair being protected from rabbits, should be placed 
in a random sample of fields. Comparison of the yields of the protected and 
unprotected plots would give a measure of the loss due to rabbit damage. Asa 
result of this suggestion a pilot survey was made on spring wheat in Kent in 1950. 


In the meantime, a number of other workers had become interested in the 
problem. By fencing off portions of affected fields, Gough and Dunnett (1950) 
demonstrated conclusively that rabbits were responsible for serious damage to 
winter wheat in East Anglia. They measured the loss of grain in four fields 
by taking yield samples from fenced and unfenced areas, and made visual 
estimates of the yield in other fields. They estimated that in 1950 winter corn to 
the value of £100,000 was lost in East Anglia. Smith (1953) has given a clear 
account of what can happen on one farm. He estimated that on his own farm 
in Gloucestershire, rabbit clearance costing £8 per acre was repaid in about two 
seasons and that 24 acres were upgraded “ from rough grazing to full arable 
production”. This is a valuable practical contribution to the knowledge of this 
problem. Typical examples of the effects of rabbit grazing, as revealed by small 
fenced plots in fields, are illustrated in Plate IV. 
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During the winter of 1950-51, the advisory entomologists examined as many 
fields of winter wheat as possible and graded them according to a visual 
estimate of damage. The fields were also examined in the spring, and at 
harvest time the farmers’ estimates of loss were ascertained. Small areas in 
some of these fields were fenced off to give protection throughout the season 
or for part of it. This arose from the observation by Gough and Dunnett that 
the effects of grazing could be more serious at some periods than at others. 
The results of this survey were fairly consistent and suggested that the overall 
loss was about 5 per cent of the crop. It was clear, however, that to obtain 
reliable data it would be necessary to use methods similar to those used in the 
pilot survey in Kent during 1950, and a survey of this kind was therefore 
undertaken throughout the country in 1951-52. 


SURVEY METHODS 


The primary object of the pilot survey in 1950 was to evolve a satisfactory 
technique for a more extensive investigation. Kent was chosen for the survey 
because the Kent Agricultural Executive Committee was particularly concerned 
about rabbit damage and had organized a visual survey of | per cent of the 
cereal acreage in the previous year, which indicated that rabbits had caused a 
loss of about 5 per cent of the total yield. To distribute the work evenly among 
the district officers, four fields were sampled in each of the administrative 
districts. The sampling within each district was carried out by first selecting 
four parishes at random—large parishes being subdivided, and small ones 
amalgamated, to produce sampling units of roughly equal size. From those 
farms within each selected parish which grew some spring wheat in 1949, a 
farm was then chosen at random with probability of selection proportional to 
the total farm acreage. Assuming that the proportion of the total acreage of 
a farm under wheat was the same for every farm, this procedure implied that 
each acre of wheat in the parish had an equal chance of being surveyed. Two 
or three farms were selected in this way from each parish in case the first farm 
was not growing spring wheat in 1950. 


On the selected farms, one field was chosen at random from among those 
growing spring wheat. Two pairs of plots, one of each pair fenced and the 
other unfenced, were located at random in the field. Each plot was 5 yards 
square with two sides parallel to the drills, and the plots of a pair were 10 yards 
apart along the line of cultivation. The one-inch mesh wire netting which was 
put round the fenced plots was 4 feet 6 inches wide with 1 foot buried. The 
unfenced plots were marked by corner stakes and a single wire, to ensure that 
they did not receive any cultivations or manurial treatments which were not 
applied on the fenced plots. The netting was not likely to keep mice off the 
plots and it was thought that the posts and wires would prevent any consistent 
differences in bird damage as between the fenced and unfenced plots. 


In the national survey in 1952 each district officer in the provinces taking 
part was asked to be responsible for one field. The method of choosing fields 
was similar to that used in 1950, except that farms were chosen within the 
selected parishes with probability proportional to their total (1948) wheat 
acreages, and that those having less than 50 acres under crops and grass were 
excluded. Each plot was 24 yards square, and the two plots of each randomly 
located pair were 5 yards apart along the line of cultivation. The fenced plots 
were protected by one-inch mesh wire netting 3 feet wide, which was not buried 
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RABBIT DAMAGE TO WHEAT, 1950-52 


as it was noted that rabbits are not inclined to push underneath wire netting 
while there is still food outside. 


In both surveys, observations were made on the growth of the crop during 
the season. In 1952 the plots were examined in January, February-March, and 
April. The central 2-yard square portion of each plot was harvested, the 
remainder being discarded because of possible edge effects due to sheltering by 
wire netting or the perching of birds on the wire. The plots were harvested as 
nearly as possible to the date of harvest of the rest of the field. 


The field work in the pilot survey was undertaken mainly by C. J. Armouf 
and H. V. Thompson of the Infestation Control Division of the Ministry or 
Agriculture, with considerable assistance from the N.A.A.S. G. M. Jolly was 
responsible for the statistical work. In 1952 the work in each province was 
supervised by the advisory entomologist, and the results for the whole country 
were collected at the Plant Pathology Laboratory and analysed in the Statistical 
Department at Rothamsted. Mr. G. V. Dyke of Rothamsted was responsible 
for much of the planning of the 1952 survey. 


RESULTS OF PILOT SURVEY IN KENT, 1950 


Results were finally obtained for only 38 of the original 48 pairs of plots, 
because in some cases farmers inadvertently harvested unprotected plots and 
other accidents occurred. The average yield of spring wheat on the unprotected 
plots was 15-2 cwt. per acre, compared with 18-2 cwt. per acre on the protected 
plots. The estimated increase in yield obtained by fencing was thus 3 cwt. 
per acre, or nearly 20 per cent of the average yield on the unfenced plots. This 
estimate has a standard error of + 0-7 cwt. per acre, and there is therefore 
only one chance in twenty that the true average increase obtained by fencing 
in 1950 was outside the limits 1-6—4-4 cwt. per acre. 


As at most only four fields per district were sampled, and because of the 
smallness of the sample areas and the patchy nature of rabbit damage within 
fields, estimates for individual districts were subject to very large errors and 
are not quoted here. The fields surveyed were divided into three groups 
according to whether there appeared to be many, some, or no rabbits in the 
immediate neighbourhood, but the average difference in the yield of fenced 
and unfenced plots was much the same for each group. The survey was clearly 
not sufficiently extensive to determine any relationship between damage and 
such qualitative observations. Since the netting was not erected until after the 
wheat was showing above ground, it is possible that some undetected grazing 
took place before the fenced plots were protected. The difference in yield 
between fenced and unfenced plots may therefore slightly underestimate the 
actual loss due to rabbit grazing. The farms were sampled with probability 
proportional to total acreage, rather than to acreage of wheat, and therefore 
the wheat on farms growing only a small acreage of the crop is probably over- 
represented in the sample. This could lead to bias in the result, but it is 
unlikely that such a bias would be appreciable compared with the sampling 
error. 


RESULTS OF THE NATIONAL SURVEY, 1951-52 


It was unfortunate that only five provinces—Eastern, West Midland, East 
Midland, South-Eastern and South-Western—could join in this survey. These 
provinces, however, accounted for about 85 per cent of the total wheat acreage 
of England and Wales and, probably, for a similar proportion of the winter 
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wheat. One hundred and eighty-one farms were selected and observations 
were started on 154. Yield data were finally obtained from 119 fields. 


Treating the records from each field surveyed as of equal importance, the 
results in 1951-52 indicate that the average loss of winter wheat throughout 
England and Wales due to rabbit damage in that year was about 1-6 cwt. of 
grain per acre, or 64 per cent of the total yield. Again, on certain sites the 
plots were marked off rather late in the year, so that there may have been 
slight grazing before the fencing was put up. The sampling errors were such 
that there is only one chance in twenty that the true loss was outside the range 
4 to 24 cwt. per acre. Even at the lower limit this loss (equivalent to 2 per cent) 
is appreciable when it is remembered that it represents the produce of some 
40,000 acres. 


Estimates of average loss in yield due to rabbits are given for individual 
provinces in Table 1. In each province the average yield on the unfenced plots 
was 1-2 cwt. per acre less than on the fenced plots, and differences between 
provinces were rather less than would be expected from the magnitude of the 
sampling error. This does not, of course, imply that there were no real 
differences between the losses in the different provinces, but that the sample 
was too small to determine them with confidence. The result of the 1950 
survey on spring wheat in Kent is included in the table for comparison. 


TABLE 1 


ESTIMATED REDUCTIONS IN YIELD ON THE UNFENCED PLOTS FOR 
INDIVIDUAL Provinces, 1951-52 


Province Number of Mean Yield Estimated Reduction 
Sites over all Plots in Yield on Unfenced 
; Plots 

cwt. per acre cwt. per acre 
Eastern .. a Pr pay ee 15 26°6 1-7+1-4 
East Midland .. : a a8 21 23°8 2°14 1:3 
South-Eastern (Reading) ae e 21 25°3 1:0+1°5 
South-Eastern (Wye) .. - a 14 20:8 1:-9+1°8 
West Midland .. a ie wi 23 24-3 1-2+1-0 
South-Western .. ‘i a os 25 21-0 1-6+1-0 
All provinces... be $i ifs 119 23°6 1-6+ 0:5 
Kent, spring wheat, 1950 a ~ 22 16-7 3-0+0-°7 


It is interesting to see how the surveyors’ observations of rabbit grazing 
during the growing season are related to the final loss of grain. In Table 2 the 
fields have been grouped according to the degree of rabbit grazing observed in 
January. On nearly a third of the fields, where no rabbit grazing was notice- 
able in January, there was apparently no reduction in yield on the unfenced 
plots. This supports the impression gained during the pilot survey that the 
fencing does not influence yield when rabbits are not present. On 36 per cent 
of the fields, where slight grazing was noted, the average reduction in yield on 
the unfenced plots was 1 cwt. of grain per acre. On the remaining third of the 
fields, where grazing was said to be “ moderate” or “‘ severe” in January, 
the average loss on the unfenced plots was 4 cwt. of grain per acre, or between 
15 and 20 per cent of the total crop. The sample was not large enough to 
determine the relative importance of grazing at different times of the year, for if 
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RABBIT DAMAGE TO WHEAT, 1950-52 


grazing was observed at all on a field, it was generally noted at every visit. 
However, the extent of grazing observed in the early part of the growing season 
is evidently a useful indication of the loss in yield that may be expected. 


TABLE 2 


~ 


RELATIONSHIP BETWEEN RABBIT GRAZING OBSERVED IN JANUARY AND 
FINAL Loss OF YIELD, 1951-52 


Extent of Rabbit Percentage Mean Yield of Percentage Loss 
Grazing in Field of Sites Fenced Unfenced on Unfenced Plots 
Plots Plots 

: cwt. per acre cwt. per acre cwt. per acre 
None & i ne 30 25 25 0+3 
Slight ae wu me 36 25 24 44+5 
Moderate .. ie re 21 25 21 | 1745 
Severe ‘o ois - 13 20 16 20 


The distribution of sample fields according to the differences in yield between 
fenced and unfenced plots is given in the first line of Table 3. This does not, 
however, give a fair idea of the proportion of fields suffering different degrees 
of damage, because the individual estimates are subject to large errors due to 
variation in soil fertility and patchiness of damage within a field. Thus the 
fact that on 39 per cent of the sample fields the fenced plots had lower yields 
than the unfenced does not imply that rabbits in fact caused increases on 39 
per cent of all fields. As in the pilot survey, the greater part of the sampling 
error was due to variability within the fields, and the standard error per plot 
was estimated to be about 25 per cent of the mean yield. The effect of field 
estimate sampling errors on the distribution of losses can, however, be allowed 
for, and a Pearson Type IV curve (see, for example, Kendall, 1945) may be 
fitted to the data in order to give a rough idea of the proportions of fields 
suffering differing degrees of damage. The result of this process is summarized 
in Table 3. The second line of the table gives the values obtained from the 
fitted curve, and the third line takes into account the fact that on a quarter of 
the fields no grazing was observed at any time during the growing season. The 
table suggests that the yields of nearly a third of all winter wheat fields were 
reduced by rabbits to the extent of at least 2 cwt. per acre. 


TABLE 3 


ESTIMATED PERCENTAGES OF FIELDS SUFFERING DIFFERING DEGREES 
OF Loss DUE TO RABBIT GRAZING, 1951-52 


Loss (cwt. grain per acre) 


Apparent 
Increase Nil O-1 1-2 2-3 3-4 4+ 
Observed distribution .. Ls ds 39 — 11 14 15 6 15 
Values from fitted smooth = 12 —_ 26 31 17 7 7 
curve 
Values allowing for fields with sa 0 25 13 31 17 7 7 


no rabbit grazing 


There are a number of other points that are worth examing—provided it is 
recognized that only tentative conclusions can be drawn with a sample of this 
size. For example, when the fields are divided into two groups according to 
the importance of cereal growing in the neighbourhood, the average loss of 
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crop for fields in districts where cereals are of little importance is estimated to 
be 10 per cent, compared with 5 per cent for the other sample fields. Since the 
method of sampling is such that parishes where cereal growing is not important 
may tend to be over-represented, this difference could lead to bias in the result. 
However, the sample taken in 1952 appears to represent the different districts 
in about the right proportions, and the difference in estimated percentage loss 
for the two types of area, though appreciable, may well be due to sampling error. 


The influence of farming type on the average level of rabbit damage and the 
effect of field acreage have also been examined, but in order to obtain reliable 
data on such factors, and also to confirm the more important results of the 
survey, it will be necessary to carry out similar work in other years. 


CONCLUSIONS 


As a result of the pilot survey carried out on spring wheat in Kent in 1950, 
and the subsequent country-wide survey on winter wheat in 1952, it is clear 
that a reliable technique has been worked out for estimating rabbit damage to 
cereals. The survey in 1952 indicated that about 14 cwt. of grain per acre was 
lost through rabbit damage to winter wheat in most of England, and that this 
loss was mainly concentrated on about a third of the acreage. The pilot survey 
gave an estimate of comparable order for losses of spring wheat in Kent in an 
earlier year. It would appear that if effective control measures could be 
introduced on farms where rabbit grazing is obvious, the loss of crop through- 
out the country might be reduced to quite small proportions. Moreover, the 
additional yield of 3-4 cwt. of grain per acre which might be obtained on such 
farms would soon compensate farmers for their initial trouble and expense. 
The problem of effectively protecting a complete field from rabbits is, of course, 
very different from that of fencing a small plot within a field. To be effective, 
protection by fencing probably has to be combined with drastic reduction or 
control of the local rabbit population (Smith, 1953), particularly as rabbits in 
an infested area will be strongly attracted by the fresh growth in protected fields. 


One of the valuable consequences of the survey was that many of the farmers 
who co-operated were surprised and impressed by the evidence of rabbit damage, 
and of its economic importance. It is hoped to arrange further surveys on 
cereals in future years, and similar investigations on other crops, particularly 
grassland, are being considered. 


Thanks are due to Mr. H. C. F. Newton for the photograph reproduced in Plate IV, 1, and 
to Mr. H. C. Cosh for that in Plate IV, 2. 
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SUSCEPTIBILITY OF 
IMMATURE POTATO TUBERS TO BLIGHT 


by A. E. W. Boyp 
Edinburgh and East of Scotland College of Agriculture 


AND J. MARGARET HENDERSON 


Seed Testing, Plant Registration and Plant Pathology Station, 
East Craigs, Edinburgh 


It is well known that although potato tubers may become infected in the soil 
before lifting, most of the blight that develops in potatoes during storage is 
often the result of infection from diseased haulm at lifting time. Murphy (1921) 
first obtained experimental proof of this, and Murphy and McKay (1924, 
1925) later published data showing the reduction of tuber blight obtained by 
lifting when the haulm was dead, as compared with lifting when blight was 
active on the haulm. The effect of lifting tubers at intervals during the course 
of blight attack on the haulm was revealed in one of our experiments in Fife 
during the late summer of 1949. 


Samples of about 200 Doon Star tubers were lifted by hand at about weekly 
intervals from the beginning of August from plants taken at random from the 
same areas on each occasion in six fields all within a 10-mile radius of Leuchars. 
As much care as possible was taken to keep the tubers free from contact with 
the blighted haulm. The tubers of each sample were placed in sterilized bags, 
subjected to the same degree of riddling on the following day, stored in the 
same bags for two weeks and then placed in chitting trays. Final disease 
counts were made in March, but most of the blighted tubers were obvious 
within a fortnight and practically all the blight had developed within 6-7 weeks 
of lifting. No obviously diseased tubers were included in the samples taken, 
but at no time in any of the fields did these amount to more than about | per 
cent. At each sampling the amount of blight on the foliage was assessed 
according to the scale (B.M.S., 1947) already given on p. 109, Vol. 1, of this 
JOURNAL. 


TABLE 1 


PERCENTAGE BLIGHT ON HAULM AND RESULTING BLIGHT ON TUBERS LIFTED 
ON SUCCESSIVE DATES. VAR: DOon Star. Fife, 1949 


H=Haulm T= Tubers 


Sampling Date Field 1 Field 2 Field 3 Field 4 Field 5 Field 6 

am Tf a T H T ae aT A T 

Pe Ae a 0 0 0 0 0 0 0 0 0 0 00 
Aug. 16 .. i — en 4 0 0 0-1 0 0-1 5 0 0 ot 2 
Aug. 23 .. i « Ge 7 0-1 1 0-1 16 1 54 0-1" 2 1 31 
Aug. 31 .. i - Bears 1 13 50 19 75 16 1 6 5 39 
Sept.12 .. as — aes 25 5 95 1 100 1 20 3 a 
Sept. 26 .. ee ~ 2@ @ Dd 3 Dd 1 Dd 1 Dd 5 Dd 4 
) a > we — —_- - —_-- Dd 0 —_- - — - Dd 0 

* Copper spray on Aug. 20 t Burnt off on Aug. 30 Dd = dead 


The results (Table 1) show that considerable tuber infection occurred even 
when only a few blighted leaflets were to be seen in the field, as on August 23 
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in Field 3. Very high tuber infection was associated with the presence of only 
1 per cent blight on the leaves, as in Field 4 on the same date. In four of the 
six fields the maximum development of tuber blight was in the samples lifted 
on August 31, and in only one of these (Field 3) was there more than 5 per cent 
of blight on the haulm on that day. In Field 3 the blight in the tubers lifted 
on August 31 was only slightly greater than in those lifted on August 23, despite 
a great increase in the amount of blight on the haulm between the two dates. 
In general, although the same precautions were taken in each case, a smaller 
amount of tuber blight resulted from the progressively greater leaf infection 
associated with the advance of the season. The blight assessments on the 
haulm are, of course, estimates of the area of foliage destroyed by the disease 
and not of the amount of active blight, but the latter was present in all the 
crops until the foliage was completely dead, and the weather was never such 
as to halt the blight attack, although only August 23 fell within a Beaumont 
“ blight weather ”’ period. 


In Field 5 the crop received a protective spraying on August 20, and this 
prolonged the growth considerably. The other crops were unsprayed. The 
crop in Field 1 was the only one to be burnt down, and this was done with 
sulphuric acid on August 30, so that tuber blight on subsequent liftings 
originated either from soil infection or infection on parts of the haulm which 
had been missed by the acid. In the other fields the growers took the risk of 
allowing blight to kill the haulm. With light soil, and in the absence of heavy 
rain, this procedure was successful ; repeated sampling from the clamps during 
the storage season revealed no more than 1-2 per cent blight. 


Normally, Doon Star is not noted as being particularly susceptible to blight 
in the tubers, but the results suggest that there may be variation in susceptibility 
with the age of the tubers; immature tubers being very susceptible, while 
resistance increases with maturity. Such an increase in resistance could be 
attributable to thickening of the skin forming a mechanical barrier to blight 
infection, but in these trials there was considerable skinning of the tubers, due 
to the riddling process and other causes, up to and including September 12. 
The only sample which was not severely skinned was that taken on September 
12 from Field 1, which had been previously burned down. 


TABLE 2 


PERCENTAGE OF BLIGHT IN TUBERS LIFTED AT SUCCESSIVE DATES 
VaR: ARRAN PILOT. FIFE AND MIDLOTHIAN, 1948 


Sampling Date Field 1 Field 2 Field 3 Field 4 Field 5 
July 30g... a a _- 0 0 — — 
Aug. 5 re or me — — — 5 1 
Aug. 9 beat ae ma 1 1 10 — — 
Aug.13.. a a — - — 35 0 
Aug. 16... ee oi 14 20 41 — —- 
Aug. 20... ae ig — = — 33 35 
Aug. 23... <o ek 10 27 4 — — 
Aug.30  .. ; on 5 43 a — — 
Sept. 3 — — — 17 22 
Sept. 10 5 10 1 —_ _- 
Sept. 13 — — — 1 1 
Sept. 17 3 5 0 _ —- 
Sept. 27 — _ — 2 _ 
Oct. 1 1 — — — _- 
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POTATO BLIGHT IN IMMATURE TUBERS 


Data on tuber infection from a similar experiment carried out in 1948 
supported the indications from the 1949 trials, but unfortunately no assessments 
of blight on the haulm were made in 1948. Twelve crops of Arran’ Pilot in Fife 
and Midlothian were sampled and 3} cwt. of seed-size tubers were taken on 
successive sampling dates from the end of July until lifting time. Treatment of 
the tubers was as in 1949. Final counts showed that in seven of the twelve 
fields the maximum amount of tuber blight was less than 3 per cent, but that 
in the other five (Table 2), blight reached a relatively high maximum well before 
the crops were ready for lifting. Four of these high infections were on samples 
lifted between August 13 and August 20, and the other on August 30. 


INOCULATION EXPERIMENTS 


In 1952 healthy tubers of the varieties Doon Star, Golden Wonder and King 
Edward were lifted carefully at approximately weekly intervals from variety 
plots at East Craigs, starting in August and continuing until the beginning of 
October. The tubers were washed, and sprayed with a sporangial suspension 
of Phytophthora infestans taken from inoculated leaves. The inoculated tubers 
were then incubated at laboratory temperature (about 60° F.) and 100 per cent 
relative humidity. The numbers showing infection after 16 days are given in 
Table 3. The results indicated a gradual decrease in susceptibility with date of 
lifting after August 16, until there was no infection at all in tubers lifted on 
September 27. Although precautions were taken to avoid damage, it should be 
noted that even the most careful washing of immature tubers caused, on 
occasion, some skin ruptures which no doubt allowed the fungus to penetrate 
the tuber more easily. However, this condition was present even in the tubers 
lifted on September 5, when there was no infection in two of the three varieties. 
The expected order of varietal susceptibility of the tubers is shown in Table 3, 
King Edward ranking much higher than the other two varieties. 


TABLE 3 


INFECTION OF TUBERS OF THREE POTATO VARIETIES LIFTED ON SUCCESSIVE 
DATES AND SPRAYED WITH A SPORANGIAL SUSPENSION OF P. INFESTANS 


Date of No. of Tubers No. of Tubers Infected 
Lifting Tested 
Doon Golden King 
Star Wonder Edward 
Aug. 2... a ae # 5 4 2 
Aug. 11 .. ie a Ls 10 3 7 9 
Aug. 16 .. 4, es a 10 10 7 10 
Aug.23 .. ne as te 10 8 4 9 
Aug. 30 .. ae ing Me 10 2 1 3 
Sept.5 .. i ae ies 10 0 0 4 
Sept. 19 .. ie ois a5 10 0 1 0 
Sept. 27 .. sea ae A 10 0 0 0 
Oct. 4°. a soe i 10 0 0 2 


Note: Four tubers of each variety, on each date, were sprayed with sterile water as controls. Blight developed 
in only one of these tubers (Doon Star, Aug. 16). 


To eliminate the factor of skin resistance, a further experiment was made in 
1952 using portions of tubers cut to a thickness of 2-5 cm. These were taken 
from the same samples as before, inoculated on the cut surface with a sporangial 
suspension of P. infestans, and incubated as in the previous experiment. The 
number of pieces in which complete penetration occurred was noted, and the 
mean depth of penetration calculated. 


115 


(60046) ase 








PLANT PATHOLOGY 


TABLE 4 
INFECTION AND DEPTH OF PENETRATION OF CUT TUBERS AFTER INOCULATION 


DATE OF No. OF Doon STAR GOLDEN WONDER KiNG EDWARD 
LIFTING TUBERS No. No. D No. No. D No. No. D 
TESTED Inf. C.P. cm. Inf. C.P. cm. Inf. C.P. cm. 

y "By 5 5 4 2:1 5 5 2°5 5 5 2°5 
Aug. 11 .. 10 8 8 2°5 10 10 2°5 10 10 2°5 
Aug. 16 .. 10 10 10 2°5 10 10 2:5 10 10 2:5 
Aug. 23 .. 10 10 10 2-5 10 10 2°5 10 10 2°5 
Aug. 30 .. 10 10 8 2:3 10 10 2°5 10 6 2:1 
Sept.5 .. 10 10 8 2:1 10 8 2-2 10 5 1-8 
Sept. 19 .. 10 10 4 1-5 10 9 2:3 10 9 2:3 
Sept. 27 .. 10 10 10 2°5 10 8 2:0 9 0 0-9 
Get.4 .: 10 10 10 2°5 10 10 2°5 10 3 1-7 


Inf. = infected C.P. = completely penetrated D = mean depth of penetration 


The results shown in Table 4 indicated that in Golden Wonder and Doon 
Star there was a slight tendency for resistance to increase with tuber maturity 
until nearly the end of the season, and then to decrease again. With King 
Edward, however, the tubers appeared to become more and more resistant until 
the very end of the growing season. In this experiment the site of inoculation 
was in the central pith of the tuber, and penetration thus proceeded outwards, 
whereas in the other experiments, where the inoculation was on the tuber 
surface, the fungus first attacked the outer cortical tissues. As the pith and 
cortical tissues are of rather different constitution, and differ in susceptibility to 
Dry Rot (Fusarium caeruleum) (Boyd, 1952) it is possible that their susceptibility 
to potato blight is also different. 


CONCLUSIONS 


In general, both the field and the laboratory experiments have indicated that 
as growing potatoes mature their resistance to blight infection increases. This 
increase in resistance does not appear to be due solely to the increasing 
mechanical resistance of the skin, for it was found in tubers which had been 
severely skinned. It follows therefore that under favourable conditions, such as 
poor earthing up or heavy rainfall, more severe tuber infection may be expected 
if blight attacks the haulm early in the season than if it develops later. This is 
due not only to the prolonged opportunity for infection but also to the greater 
susceptibility of the tubers. Also, it is to be expected that very early lifting for 
seed or for the early ware market, with blight present on the haulm, will have 
much more serious consequences than later lifting when the haulm is only 
slightly green. 
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OBSERVATIONS ON GRASS APHIDS 
IN DERBYSHIRE, 1950-52 


by R. GAIR 
National Agricultural Advisory Service, Shardlow, Derby 


In the spring of 1950 the Bird-cherry aphid, Rhopalosiphum padi (L.), caused 
severe damage to timothy and red fescue in grass demonstration plots in the 
grounds of Shardlow Hall, headquarters of the East Midland Province of 
the N.A.A.S. A search was made for graminaceous aphids occurring in the 
grounds, and in the years 1950-52 the opportunity was taken of studying 
the overwintering of the four economic species : R. padi (L.), R. insertum (WIk.), 
Metopolophium festucae (Theob.) and Sipha agropyrella H.R.L., both on the 
grasses he the demonstration plots and on a number of unsprayed fruit trees in 
the orchard. 


RHOPALOSIPHUM PADI (L.) BIRD-CHERRY APHID 


Apterae were found on timothy and red fescue at the end of April 1950, and 
during May and June of that year they spread to cocksfoot and perennial 
ryegrass in adjoining plots. The attack was controlled by spraying, and until 
September 20 no more aphids were seen, either on the aerial parts of the grasses 
or at their roots. From that date, however, re-infestation of the plots took 
place, and winged females, alate nymphs and apterae were found on perennial 
ryegrass and timothy. Throughout November the colonies remained active on 
the leaves of various grasses on the plots and elsewhere, but a fall of snow on 
December 5 caused the death of large numbers of alate and apterous individuals. 
The aphids remaining within the folded leaves continued to multiply. The 
broader leaves of timothy grass provided much better cover than did those of 
red fescue, and it was noticeable that the death rate on the latter plots was much 
greater. Indeed, a second fall of snow on December 15 killed off the colonies 
on red fescue, but hardly affected those on timothy. Alate nymphs developed 
on the leaves of timothy by mid-January 1951, but with a high incidence of 
parasitism the infestation had died out completely by February 6. 


The aphid was next seen on June 2, 1951, when a number of alate females 
(the spring migrants) were found on apple leaves and, later, on timothy and 
Agrostis alba. Their apterous progeny quickly multiplied throughout June on 
these grasses, but the infestation ceased abruptly in July when the plots were 
ploughed up. In September 1951, a number of bushes of the bird-cherry, 
Prunus padus, were planted in the Hall grounds adjacent to the grass plots. A 
few gynoparae of R. padi alighted on the leaves from September 26, and by 
early October further alate females were seen on bird-cherry, apple, and haw- 
thorn. Alate males were first noted on hawthorn on October 12, and on 
bird-cherry on November 1. Apterous oviparous females were found, however, 
only on the bird-cherry ; eggs were laid in the bud axils during the following 
week. At the same time, parallel observations were made on some well 
established bird-cherry trees in a spinney at Wigston, Leicester. Here, gynoparae 
had also arrived on the plants by early October, and large numbers of eggs were 
deposited by the end of that month. 


Throughout the winter of 1951-52 the grass plots at Shardlow were kept 
under careful observation, but no overwintering forms of R. padi were seen. 
The eggs on Prunus padus began to hatch in the first week of April 1952, both 
in the laboratory and outside, but the fundatrices did not develop in any 
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numbers, and they all died before producing alate migrants. The aphid was 
not seen on grasses at Shardlow during the summer of 1952, although sporadic 
occurrences on oats were noted in neighbouring counties. 


From the observations made over the period 1950-52 it is apparent that the 
life cycle of the Bird-cherry aphid at Shardlow differs in some respects from 
that found by Rogerson (1947) for the Northern Province, where he observed 
that R. padi overwintered only on Prunus padus. The initial record of apterae 
of this species on grasses as early as April in 1950 at Shardlow suggests that it 
may have overwintered on the grass plots during 1949-50, and this supposition 
was clearly borne out in the winter of 1950-51, when alatae, apterae and alate 
nymphs were recorded on the aerial parts of timothy until February 1951. 
These overwintering graminaceous forms then seem to have been exterminated 
by heavy parasite attacks, rather than by adverse weather. That R. padi may 
overwinter on grasses was hinted at by Theobald (1927), and, in this connection, 
Stroyan states (in lit.) that the species “‘ certainly overwinters viviparously at 
grass roots to a large entent in the south of England”. The difference in 
behaviour of the species in the Northern and East Midland Provinces may be 
connected with the geographical distribution of Prunus padus. This plant 
occurs naturally over the uplands of the northern counties, whereas in the 
East Midlands it is present naturally only in Derbyshire, and elsewhere only 
for ornamental purposes. 


Attempts were made to induce R. padi to oviposit on various plants in the 
autumn of 1951. Both in the laboratory and in the Hall grounds a number of 
apterous oviparous females and alate males were confined under muslin sleeves 
on the twigs and leaves, with six replications of the test on each plant species. 
Eggs were deposited and fundatrices hatched out on bird-cherry. No eggs 
were deposited on sloe, damson, hawthorn, apple or timothy grass. A few 
eggs were laid on Morello cherry, but they failed to hatch in the spring of 1952, 
so that Prunus padus was the only successful primary host for that season. 


RHOPALOSIPHUM INSERTUM (WLK.) OAT-APPLE APHID 


The biology of the common Oat-Apple aphid at Shardlow agrees very closely 
with that given by Rogerson (1947) for the north of England. Dates during 
1951 and 1952 on which the various stages in the life history were first observed 
at Shardlow Hall are as follows : 


1951 1952 
Egg hatch i és ee .. April 13 March 28 
Alate fundatrigeniae .. st .. May 21 April 16 
Alate migrants on apple ju .. May 30 May — 
Alate migrants on secondary hosts .. June 6 June 3 
Autumn migrants returned to apple .. September 15 September 24 
Alate males on apple .. a .. October 8 October 16 
Deposition of eggs ya ip ..- October 27 October 31 


In 1951 small colonies of alienicolae were established on some grass plots— 
notably Agrostis alba—but with the ploughing of the plots in July, no further 
specimens were taken that summer. Alienicolae were not recorded on the plots 
in 1952. 


Autumn migrants returning to their primary hosts at Shardlow showed a 
marked preference for apple, up to 29 gynoparae being counted on single apple 
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Grass APHIDS IN DERBYSHIRE 


leaves in 1951. Other winter host plants were hawthorn, pear, Morello cherry, 
plum, damson and Cotoneaster frigida. Oviposition experiments, similar in 
design to those already described for R. padi, were conducted during the autumn 
of 1951 on R. insertum. Eggs were deposited and fundatrices hatched on 
Morello cherry, apple, hawthorn, pear, and Cotoneaster frigida. Eggs were not 
deposited on bird-cherry, sloe or timothy grass. Stroyan (1952) lists various 
Pomoidea, including apple, pear and hawthorn, as winter hosts. Rogerson 
found that in the northern counties R. insertum never oviposited on Prunus spp. 
The above record of Morello cherry, P. cerasus, acting as a suitable host is 
therefore of some interest. 


It was observed, while collecting gynoparae in the autumn of 1951, that 
leaves on the lower branches of apple trees supported a far greater number of 
aphids than those at the tops of the trees. This unequal spatial distribution 
of R. insertum continued with the production of apterous oviparous females, 
and many more eggs were deposited on twigs nearer the ground than on those 
farther up the tree. In the following year an attempt was made to determine 
more precisely the heights at which maximum asexual reproduction of the 
gynoparae and oviposition of their apterous progeny proceeded. 


Six unsprayed apple trees in the orchard were chosen at random for aphid 
counts. Four of them were Bramley’s Seedling, one an unidentified variety 
closely allied to Bramley’s Seedling, and one Lane’s Prince Albert. The counts 
were made in the afternoon of October 21, 1952, when the migration of alate 
R. insertum to apple seemed to have ended. There was bright sunshine and a 
very slight westerly breeze at the time. Arbitrary heights of 3, 6, 12, 18 and 24 
feet above ground level were chosen, and at each height ten leaves terminally 
situated on outside branches were carefully examined, and the number of 
gynoparae of R. insertum noted. Counts were made at each height on both 
the northerly and southerly sides of each tree, so far as the heights and shapes 
of the trees would permit. 


TABLE 1 


COUNTS OF GYNOPARAE OF R. INSERTUM (WLK.) ON APPLE TREES. 
SHARDLOW, OCTOBER 21, 1952 


Tree Aspect Total Numbers of Gynoparae per Ten 
Leaves at Varying Heights above Ground. 
3 ft. 6 ft. 12 ft. 18 ft. 24 ft. 

Lane’s P.A. 2% .. North — — 13 —- -= 
South 79 48 11 — — 

Bramley type _ .. North 19 38 14 14 -- 
South 9 32 14 10 6 

Bramley’s Seedling ..- North 21 59 42 5 — 
South — 39 10 2 — 

Bramley’s Seedling .. North 37 65 19 13 “= 
South 35 42 21 6 — 

Bramley’s Seedling .. North 31 35 18 8 _ 
South 29 38 16 10 — 

Bramley’s Seedling .. North 35 53 39 5 —- 
South 24 84 24 1 — 

Means 31-9 48-5 20-0 7-4 (6) 
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Counts of overwintering eggs were made on the same six trees and at the 
same heights on December 6, 1952, some time after all the leaves had fallen. 
There had been premature leaf-fall in this year, particularly in the variety 
Lane’s Prince Albert, owing to the long drought in the late summer. Three 
twigs, terminally situated on the outer branches, at each height and on the north 
and south sides of each tree, were taken to the laboratory for the egg counts. 
The combined length of the three twigs taken from each sampling site varied 
about a mean of 100 inches. In Table 2, for ease of comparison, the numbers 
of eggs have been given as for a 10-feet length of twig at each site. 


TABLE 2 


COUNTS OF OVERWINTERING EGGs OF R. INSERTUM (WLK.) ON APPLE TREES. 
SHARDLOW, DECEMBER 6, 1952 


Tree Aspect Average Number of Eggs per Ten-feet Length 
of Twigs at Varying Heights above Ground 

asf. 6 ft. 12 ft. 18 ft. 24 ft. 
Lane’s P.A. sit .. North 6 6 1 —_ _— 
South 7 7 3 — —_ 
Bramley type - .. North 57 104 6 6 — 
South 28 41 14 12 3 
Bramley’s Seedling .. North 89 120 84 46 — 
South — 217 49 13 ces 
Bramley’s Seedling .. North 103 132 90 42 — 
South 76 112 49 28 -- 
Bramley’s Seedling .. North 126 . 108 28 18 — 
South 73 51 37 22 — 
Bramley’s Seedling .. North 69 107 47 75 — 
South 91 129 53 14 — 
Means 42 94 38 27 (3) 


While most of the eggs were deposited in cracks in the bark of older shoots 
and in the axils of the spurs, a fair number were laid on the smooth terminal 
shoots, and a few even on the bud scales. The eggs were of the shape and 
colour described by Rogerson (1947), and, as very few oviparae of other species 
were observed during the autumn on the apple trees, it was assumed that all the 
ova belonged to R. insertum. 


Tables 1 and 2 show that there were no constant differences between the 
numbers of gynoparae or eggs on the south and north sides of the trees, and 
the counts for both sides have therefore been used in calculating the means for 
each height. The lower branches were colonized to a greater extent than the 
upper, and on four of the six trees examined maximum numbers of the autumn 
and winter stages of R. insertum were found at a height of six feet above the 
ground. Although a large number of gynoparae were seen on leaves of the 
variety Lane’s Prince Albert, very few eggs were deposited anywhere on the tree. 
This may be attributed to the fact that the premature leaf-fall of this tree resulted 
in the removal of most oviparae before they had begun to deposit their eggs on 
the twigs. 
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Grass APHIDS IN DERBYSHIRE 


METOPOLOPHIUM FESTUCAE (THEOB.) GRASS APHID 


While searching the grass plots during the winter of 1951-52 for Rhopalosiphum 
spp., large numbers of M. festucae were found on the leaves of various grasses. 
The chief host for these overwintering viviparae was a perennial ryegrass (S.24) 
in a perennial ryegrass—clover sward, but other grasses, including Italian 
ryegrass, meadow foxtail and annual meadow grass, were also colonized. 
Viviparous apterae remained on the lower leaves or on the ground surface 
beneath the grass canopy through the winter months, and by May 6 their 
numbers had increased to serious proportions. Several parasitized specimens - 
were taken from May 12 onwards, and the first hymenopterous parasite emerged 
in the laboratory on May 17. The parasites were identified by Mr. W. D. Hincks 
as Aphidius fabarum Marshall, Asaphes vulgaris (Wlk.), and a species of 
Aphelinus. Signs of aphid damage had appeared on the meadow foxtail, meadow 
fescue and perennial ryegrass swards by May 23, so that control measures were 
initiated on that date. Two applications of a spray containing 4 lb. of 50 per 
cent dispersible benzene hexachloride were sufficient to reduce the numbers of 
M. festucae very considerably. Dusting at frequent intervals with BHC flea- 
beetle dust had little effect on the aphids. M. festucae remained on the plots 
in small numbers during the summer and autumn of 1952. 


SIPHA AGROPYRELLA H.R.L. 


On September 27, 1951, large numbers of this species were found on the 
leaf blades of Agrostis alba in the Hall grounds, and caused some browning of 
the foliage. The apterae remained on Agrostis only—not occurring at all on 
neighbouring grasses, such as Yorkshire fog, meadow grass, and cocksfoot ; 
attempts to rear S. agropyrella on these other grasses in the laboratory also 
failed. The apterae continued to feed on Agrostis alba until late November. 
The eggs, shiny black in colour, were deposited from October 19 onwards 
within the cut surfaces of the grass haulms and at other sites. The eggs began 
to hatch in mid-May 1952, and by June 9 several alate females were seen on the 
leaves of Agrostis. A large proportion of the remaining apterae were parasitized. 
From specimens taken into the laboratory on June 9, at least three species of 
hymenopterous parasite emerged on June 20. Mr. Hincks has kindly identified 
the species as Aphidius fabarum Marshall, Asaphes vulgaris (Wlk.), and Aphidius 
sp. The Agrostis plot was mown in early July, after which no further specimens 
were taken. 


I wish to express my thanks to Mr. A. Roebuck, at whose suggestion this work was under- 
taken; to Mr. O. M. Brooks for help in making gynoparae and egg counts ; and to Mr. 
H. L. G. Stroyan for the identification of the aphids and much helpful advice. 
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TURNIP YELLOW MOSAIC IN BROCCOLI 





by H. E. CROXALL AND D. C. GwYNNE 


National Agricultural Advisory Service, Newcastle 


AND L. BROADBENT 


Rothamsted Experimental Station, Harpenden, Herts 


In October 1952 we received from Mr. J. Haywood, Horticultural Advisory 
Officer for Northumberland, a broccoli plant, variety St. George, from Morpeth. 
Irregular yellow blotches were showing on all its leaves, but were most 
conspicuous on the outer ones. We inspected the field where it was grown and 
found that approximately 10 per cent of all the plants of this variety showed 
similar symptoms, the highest percentage being in the rows planted last. In an 
adjoining plot of broccoli, variety Midsummer, which had been planted earlier, 
about 4 per cent of the plants were affected. Some plants also showed symptoms 
of Cauliflower Mosaic and Cabbage Black Ring Spot, but the majority showed 
the yellow patches only. 


Sap from affected leaves was rubbed on leaves of seedling cauliflowers, 
turnips and Chinese cabbages, all of which developed symptoms of Turnip 
Yellow Mosaic (Plate I, 1) as described by Markham and Smith (Parasitology, 
1949, 39, 330). These workers state that the virus has been found on broccoli 
as well as on turnip and swede, and that it has been recorded in the Bristol 
area and near Edinburgh where “ it seems to be fairly common and widespread ”’. 
They could not transmit the virus by aphids, capsid bugs or caterpillars, but 
did so by flea beetles, mustard beetles, grasshoppers and earwigs. Flea beetles 
soa the virus for 72 hours, and infected three plants in succession at 24-hour 
intervals. 


In an extensive survey of broccoli fields throughout the Northern Province in 
1952, plants showing symptoms of Turnip Yellow Mosaic were observed on 
almost every holding inspected in the coastal area from Amble in Northumber- 
land to the Tees. The disease was not found in the Berwick-on-Tweed area or 
on any holding farther west than 12 miles from the coast. The varieties of 
broccoli affected were St. George, Midsummer, Whitsuntide, May Blossom, 
Pearl, Lenton Monarch, Hardy Late, Gigantic, and unnamed local strains. On 
one farm symptoms were also seen on Brussels sprouts, Ormskirk Savoy (30 per 
cent) and Alexander’s Late Savoy (22 per cent). 


During the period from October to December only a few plants showed 
symptoms in most of the fields, but in three fields from 10 to 20 per cent of the 
plants were affected. The disease appeared to spread little during the winter, 
but the symptoms became more severe on affected plants, and many were 
stunted. The yellow areas on the outer leaves became necrotic and the leaves 
fell prematurely. Some of the affected plants were killed by frost, to which 
they appeared more susceptible than the healthy ones. During late March and 
April 1953 the disease spread rapidly. On the holding where it was first noted, 
90 per cent of the St. George plants showed symptoms at cutting time. On six 
other farms the percentages of plants affected were 2, 3-5, 50-100, 60-80, 45, 
and 80-90, respectively. Plants infected in the previous autumn were either 
killed or failed to produce a marketable curd (Plate I, 2). Plants infected in 
the spring did not grow as vigorously as healthy plants and they tended to 
produce heads of poorer quality. Moreover, the blotching of leaves detracted 
considerably from the appearance of the heads and necessitated much trimming. 
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Photo : Rothamsted Experimental Station 


|. Early symptoms of Turnip Yellow Mosaic in young leaf of Extra Early Roscoff cauliflower, 
after inoculation. 
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2. Symptoms of Turnip Yellow Mosaic on cauliflower in the field. Var: All the Year Round. 
August. 
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‘*“NET BLOTCH ’’ ON BROAD BEAN (see p. /40) 


1. Blotches with dendritic margins caused by Pleospora herbarum Rabenh. 


VIRUS YELLOWS OF SHALLOT (see pp. / 30-3) 





2. Left: Healthy plant. Right : Infected plant. 
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ROT ON BARLEY (see p. 1/40) 
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Pioneer barley infected with Typhula itoana Imai. Photograph taken in March, showing sclerotia 
on sheaths of lower leaves. 
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RABBIT DAMAGE TO WHEAT (see pp. 107-12) 
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1. Small plot fenced with wire netting as used in the surveys. Photograph taken on July 3. 


2. Heavy rabbit grazing in winter wheat. Small plot fenced on February 18. Photograph taken 
on April 8 
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TURNIP YELLOW MosaIc 


On some holdings the disease appeared in spring cabbage adjoining infected 
broccoli ; usually only occasional plants showed symptoms, but in two fields 
there were counts of 5 and 10 per cent affected. 


It is difficult to account for the sudden appearance of the disease in so many 
holdings, and its restriction to the narrow coastal be]t. Probably the disease 
had been present to a slight extent before and the weather conditions in the 
summer and autumn of 1952 favoured its spread. In several fields the heaviest 
infection occurred in plants which had been longest in the seedbeds. Flea 
beetle attacks were abnormally severe in the summer of 1952 and this suggests 
that the virus spread early in the seedbed. The spread noted in April 1953 
followed an unusually mild dry spell in early March, and flea beetles were seen 
in early April. The farmer in the farm adjoining that on which the disease 
was first noted stated that his broccoli crop was severely affected in the same 
way two years previously, but he had attributed the damage to Cauliflower 
Mosaic and frost injury. He had also had two turnip failures associated with 
yellowing of the leaves. 


Thanks are due to Mr. V. Stansfield for the photographs reproduced in Plate I, 1. 


CONTROL OF TURNIP GALL WEEVIL 
ON CABBAGE 


by T. ROSBOROUGH 
Royal Agricultural College, Cirencester 


The larva of the Turnip Gall weevil, Ceuthorhynchus pleurostigma Marsh., is a 
well-known pest of cultivated Cruciferae in Britain and on the Continent. 
The extent of the damage caused by it appears to depend to a large degree on the 
fertility of the soil and the weather. Where the plant is making vigorous growth, 
an attack by the weevil may be of little consequence, but during adverse growing 
conditions, if an attack develops, the effect on the crop may be considerable. 
The only recorded experiments on the control of the gall weevil in Britain are 
those by Isaacs (1923). The soil fumigants he used were naphthalene, dichloro- 
benzene, creosote, chlor-orthocresol, and a product containing 1 per cent of 
neutral tar oil. None of these substances protected the plants to any satisfactory 
extent. Isaacs also tried to kill the larvae by immersing the roots of cabbage, 
before transplanting, in hot water at temperatures ranging from 104° to 122°F, 
for various lengths of time, but this method was a failure. He therefore 
recommended that the most effective control could be obtained by lifting cabbage 
and other stumps as early as possible in the spring, stacking them in heaps to dry, 
and then burning them. The larvae are unable to escape from the dry galls and 
so perish. During the past decade Giinthart (1945) and a number of other workers 
on the Continent have reported that benzene hexachloride (BHC) is effective 
against the gall weevil. The following results of trials with this and other 
materials conducted at Cirencester during 1951 and 1952 may therefore be of 
interest. ) 
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TRIALS IN SEEDBEDS 


In a preliminary experiment, cabbage seed (var. Xmas Drumhead) was sown 
on May 14, 1952. Some four weeks later, when the plants had two rough leaves 
well formed, the seedbed was divided into three plots. One of these was then 
treated with 5 per cent DDT dust, another with 2 per cent technical BHC dust 
(0-26 per cent gamma-BHC), and the third left untreated as a control. On 
July 14 one hundred plants were lifted at random from each plot and the number 
with galls was counted. There were 7 among those dusted with DDT, none 
among those dusted with BHC, and 13 among those from the control. 


A trial was then carried out with replicated plots on a seedbed of spring 
cabbage. The seed (var. Flowers of Spring) was sown in late July, and the 
seedlings were dusted when the second pair of rough leaves had formed. The 
insecticides, as listed in Table 1, were applied with a hand duster so as to deposit 
a band of dust about two inches wide along the row. The plots were randomized 
with four replications of each treatment. On September 26, 1952, when the 
plants had reached a size suitable for transplanting, fifty were taken at random 
a plot, and those having one or more galls were recorded as being 
attacked. 


TABLE 1 


PERCENTAGE OF SPRING CABBAGE PLANTS ATTACKED BY GALL WEEVIL LARVAE 
IN TRIAL ON SEEDBED. SEPTEMBER 1952 


Treatment Percentage 
Toxaphene, 10 per cent dust - a sie a sa 6a ag 10-5 
DDT, 5 per cent dust és 3. 2 ‘3 - a” Ae aa 16-5 
BHC, 2 per cent dust aie ei wa sd - - - “ 1-5 
Control, untreated .. ae nee a oe - nis até ai 23°5 
Significant difference (P = 0-05) .. ‘i ani ina ay - af 3°5 


Both the toxaphene and DDT dusts gave a significant reduction in the number 
of larvae, but the best control was clearly with BHC dust. 


Other trials with DDT and BHC were made on seedbeds of spring cabbage 
at a number of centres in the Cirencester area. In all these trials the plants were 
dusted when the second pair of rough leaves were formed, and examined for 
the presence of galls when of a size suitable for transplanting. In each case the 
seedbed was divided into three plots (one for each treatment) and one hundred 
plants were examined from each plot. 


TABLE 2 


PERCENTAGE OF SPRING CABBAGE SEEDLINGS ATTACKED BY GALL WEEVIL LARVAE 
IN TRIALS ON SEEDBEDS AT A NUMBER OF CENTRES. OCTOBER 1952 


Centre 
1 2 3 4 5 
BHC, 2 per cent dust — e a ue ad od 3 0 0 0 0 
DDT, 5 per cent dust ys oe Pee a ae ca TT £2 6.8 
Control, untreated .. es oa = Ss ee <~ m2 TT. ft aS 


Although the attack by gall weevil was slight in all these trials, the results 
obtained at centres several miles apart lend support to the finding that a BHC 
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CONTROL OF TURNIP GALL WEEVIL 


dust is effective against gall weevil in the seedbed. In no case was any phytotoxic 
effect observed following the use of BHC or the other insecticides included in 
the trials. 


TRIALS AFTER TRANSPLANTING 


As the gall weevil may also attack brassica crops after transplanting, two 
trials were made in the field—one on spring cabbage and the other on winter 
cabbage—with materials as shown in Table 3. There were three replications 
of each treatment in each trial, with plots of 50 cabbages in a randomized block 
layout. The chemicals were applied round the bases of the plants at the rate of 
1 Ib. per 160 plants. The spring cabbages were planted out on September 14 
and the insecticides applied on September 17. In the following spring, after the 
crops had been cut, 40 stumps selected at random from each plot were lifted and 
examined. A plant was again recorded as being attacked if one or more galls 
were present on it. In a few cases small galls containing first or second instar 
larvae—probably produced by the spring generation of weevils—were ignored. 
The winter cabbages were planted out on July 9, 1952 and treated three days 
later. After the crop had been cut, 30 cabbage stumps were lifted from each plot 
and examined in the same way as for the spring cabbage. The mean percentages 
of plants attacked in both crops are given in Table 3. 


TABLE 3 


PERCENTAGE OF PLANTS ATTACKED BY GALL WEEVIL LARVAE AFTER TRANSPLANTING IN 
TRIALS ON SUMMER AND WINTER CABBAGE 


Spring Cabbage Winter Cabbage 
DDT, 5 per cent dust .. st me io ore 14-2 80-0 
BHC, 2 per cent dust .. - aS a a 3-3 4-4 
Calomel, 4 per cent dust oh RA te me 23-3 92-2 
Control, untreated ne BS #8. a ok 31-7 88-9 
Significant difference (P = 0-05) 3% ie we 8-5 9-5 


In these trials calomel dust just failed to give a significant reduction in the 
number of galled plants among the spring cabbage, and was quite ineffective 
on the winter cabbage. DDT dust gave a small but significant reduction in the 
spring cabbage only, while the BHC dust, as in the seedbed experiments, gave 
an effective measure of control. 
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OBSERVATIONS ON THE BULB AND POTATO 
APHID RHOPALOSIPHONINUS LATYSIPHON 
(DAVIDSON) IN EAST ANGLIA 


by T. J. LEGowskKI AND H. C. GOUGH 
National Agricultural Advisory Service, Cambridge 


At the end of August 1951, during an advisory visit to a farmer at Thorney 
in the Isle of Ely, we found three fields of potatoes which were infested 
by Rhopalosiphoninus latysiphon (Davidson). In the following summer, out of 
eighteen fields inspected in the same district, we found ten to be infested. 
As there have been few records of this aphid on the roots of potatoes, the 
opportunity was taken during 1951 and 1952 to make various observations on 
it—both in the laboratory and in the field. 


Notes and figures for the identification of this aphid have already been given 
in this JOURNAL by Stroyan (Plant Pathology, 1952, 1, 94-5). It was first 
described and recorded in California by Davidson (1912) who found it on 
periwinkle (Vinca major) and lesser bindweed (Convolvulus arvensis). Also in 
California, Essig (1917) reported that numbers were taken on the crowns, at 
or under the surface of the ground, of shasta daisies, Chrysanthemum spp., and 
on the buds of the common cowslip, Primula spp. According to Swain (1919), 
it had then been found sparingly in the San Francisco Bay region on periwinkle, 
morning glory and potato tubers. 


Hille Ris Lambers (1938) was probably the first to record the aphid in Europe, 
and he noted that it was sometimes very abundant on roots and underground 
parts of stems of potatoes in the south-west of Holland. Delucchi and 
Martignoni (1948) reported infestations on stored potatoes in Switzerland, and 
also gave results of some laboratory investigations on the biology of the aphid. 
Rademacher (1949) gives a general account of the aphid in Germany, and draws 
attention to its importance in vegetable storage houses, but he saw only one 
field infestation on potatoes. It was also reported in Austria by Schreier (1950). 


In Britain, so far as is known, the aphid* was first noted in 1944 on sprouts 
of Arran Pilot potatoes in a clamp near Spalding, Lincs. This, and subsequent 
infestations in 1945 on potatoes in chitting houses, on potato roots in two 
fields, and on tulips and tulip bulbs, were recorded by Doncaster and Gregory 
(1948). The bulb-growing district of Lincolnshire appeared to be the centre of 
these infestations, and the authors suggested that the aphid was then a recent 
importation from Holland. They reported that all attempts to transmit potato 
virus Y by this aphid were unsuccessful. Heinze (1950) had no transmission of 
potato viruses Y and A, but claimed successful transmission of the cucumber 
mosaic virus. 


LABORATORY OBSERVATIONS 


A colony of R. /atysiphon was maintained throughout the winter of 1951-52 on 
sprouting potatoes and young potato plants in the greenhouse and the laboratory. 
When aphids were placed on the aerial parts of potato plants in pots, colonies 
developed mainly near the growing point or on young side shoots. When the 





* Theobald’s R. latysiphon was not identical with the original species of Davidson. 
See: Hille Ris Lambers (1934). Notes on Theobald’s “The Plantlice of Great Britain”. 
Stylops, 3, 25. 
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THE BULB AND POTATO APHID 


plants were kept in darkness, the general reduction of chlorophyll was followed 
by more equal distribution of colonies on the stem. Although some colonies 
became established on the surface roots, there was no marked tendency for them 
to move in the direction of the roots, nor was there any attempt to penetrate 
the soil towards the lower roots. 


Almost any part of a plant that was young and tender, or deficient in 
chlorophyll, appeared to be acceptable to aphids. Small colonies were estab- 
lished at one time or another on tender aerial parts of such differing plants as 
ivy-leaved speedwell (Veronica hederaefolia), field poppy (Papaver rhoeas), corn 
sowthistle (Sonchus arvensis), annual nettle (Urtica urens), young peas, sainfoin, 
young wheat, and various grasses—although the aphids did not seem to thrive 
quite so well on these hosts as they did on potato sprouts. 


At no time were sexual forms seen. During March and April ten apterae 
were kept individually in the laboratory at room temperature, and counts were 
taken of their progeny. Ten days was the average time required for a nymph to 
mature and start reproducing, and the reproduction rate was highest during the 
first two weeks of adult life. Six nymphs in 24 hours was the highest number 
recorded. There was a considerable variation in the total number produced, 
due mainly to the variation in the length of life of different specimens. The 
longest-lived individual survived for 53 days, and during the first 23 days of its 
adult life (which lasted 44 days) produced 71 nymphs. Reproduction ceased in 
all aphids some days before death. 


As the aphids breed in potato chitting houses, observations were made on 
their spread in chitting trays. On March 22, two moderately infested tubers 
were placed beside nine clean, sprouting potatoes, which were arranged in three 
rows in a chitting tray: the tray was then kept in semi-darkness. On the 
following day, one adult aptera and a few nymphs were present on one of 
the adjoining tubers ; after three days two more tubers were infested, and after 
five days aphids were present on all the tubers. 


INFESTATIONS IN THE FIELD, 1951 


The soil in the three fields (106 acres in all) found to be infested at Thorney 
on August 29, 1951, was a rather heavy loam, and the varieties affected were 
King Edward, Majestic and Record. All the seed was imported from Scotland, 
and was chitted in two houses. Tomatoes were grown in summer in one of the 
houses, and as a routine measure both were fumigated in October with sulphur 
candles. No potatoes had been grown on the fields during the previous two or 
three years, and the preceding crops were cereals. No bulbs were grown in 
the neighbourhood. 


On one field the infestation appeared to be fairly evenly distributed, and 
about 40 per cent of the plants were infested ; on the other two fields the 
infestation was patchy. The aphids were counted on a number of plants, and 
up to 3,000 per plant were recorded. They were found only on the underground 
parts of the plants, the heaviest concentrations being just under the bases of 
the stems near the old tubers. They were in all stages, including some alatae, 
and there was an indication that their presence was associated with premature 
yellowing of the foliage and some reduction of yield. 


The aphids were also found on the roots of annual nettle (Urtica urens) 
growing on the edge of the field, and on roots of charlock (Brassica sinapis) 
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growing among the potatoes. In January 1952, and subsequently, some apterae 
were found inside the clamps of potatoes from the infested fields. 


INFESTATIONS IN THE FIELD, 1952 


Towards the end of August and during September 1952 about twenty potato 
fields in the Whittlesey and March areas were inspected for R. Jatysiphon. Ten 
of these—all in the Whittlesey district and on four different farms—were found 
to be infested. On most of these ten fields the aphids were present on between 
10 and 25 per cent of the plants examined, but on one field the count was over 
90 per cent. All these fields were planted with chitted seed except for two 
where the seed was a mixture of chitted and unchitted, and in these fields the 
infestation occurred in quite definite patches. Two other fields on the same farm 
as these, planted with unchitted seed, were not infested. These observations, 
like those in 1951, suggest that the infestations originated in the chitting houses. 
We noted, however, that in 1952 infestations developed in fields planted with 
seed on which no aphids were found during inspections of the seed trays in the 
chitting houses shortly before planting. 


On one of the infested fields dense colonies of R. latysiphon were found on 
roots of coltsfoot (Tussilago farfara) and couch-grass (Agropyrum repens) 
growing among the potatoes. The field with 90 per cent infestation in 
September was re-examined on October 30, when the haulms and roots were 
dead but the potatoes not yet lifted. No aphids were found on any of the 
plants. Sites of the infestations in 1951, mostly under wheat in 1952, were also 
inspected in August. No aphids were found on any of the numerous self-sets, 
but colonies were found on roots of potatoes growing in the remains of a clamp 
at the edge of one of the fields. 


SPREAD IN THE FIELD 


It was not known whether R. /atysiphon could spread from one potato plant 
to another in the field. A small field experiment was made in 1952 to test this 
point. In a plot 14 feet x 6 feet, 25 chitted potatoes were planted in three 
rows on April 5, with each alternate potato in the middle row previously infested 
with 20 to 30 apterae. The spacing was 2 feet by 1 foot 6 inches, and no 
earthing up was done. The soil was a gravelly loam, and other potatoes in 
the same field appeared to be free from the aphid. On June 27, nine plants, 
including one of those originally infested, were lifted and examined. Aphids 
were present on the roots of five plants, although their numbers did not exceed 
20 on any one plant. The rest of the plants were not lifted until mid-August, 
when most of the haulm was dead and no aphids were found. Three immature 
apterae were, however, found on roots of black nightshade (Solanum nigrum) 
growing among the potatoes. The indication from this small experiment was 
that the aphid is capable of spreading in the field, at any rate along the rows, 
and possibly by way of underground movement from root to root. The small 
development of the aphid colonies may have been due to dry weather and the 
light soil, for observations in the field and laboratory suggest that the species 
thrives best in moist conditions. 


EFFECT OF INFESTATIONS ON GROWTH AND YIELD 


To obtain some indication of the effect of varying degrees of infestation by 
the aphid on the growth and yield of potato plants, about 60 plants were lifted 
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THE BULB AND POTATO APHID 


on September 4, 1952, and another 60 on September 19, 1952, in a field of 
20 acres of King Edward in which 90 per cent of the plants were infested in 
greater or less degree. The sample plants were then sorted into three categories 
for infestation at the roots, and notes were made on the yield of tubers, as 
determined by weighing; the general appearance of the plants as regards 
height, thickness of stems and vigour of foliage; and the approximate 
percentage of yellowed leaves. The results were as follows : 


DEGREE OF INFESTATION NO. OF YELLOW GENERAL APPEARANCE OF PLANTS MEAN 


Leaves Very Good Good Poor YIELD 
PER PLANT 
per cent percent percent per cent oz. 
Lifted September 4 
Light (not more than 100 20 21 19 75 6 25 + 2°4 
aphids per plant). 
Moderate (some roots 29 41 nil 71 29 21 + 1-7 
covered with aphids, 
probably up to 1,000 
per plant). 
Heavy (half or more of 12 40 nil 25 75 14+ 3-4 
the roots covered with 
aphids, or base of stem 
smothered). 
Lifted September 1 
Light .. = wg 17 29 6 76 18 3142-0 
Moderate me si 23 37 nil 50 50 244+1:-9 
Heavy .. a ae 19 40 nil 58 42 19+ 1-7 


On both dates of lifting the yield of plants with a heavy infestation was 
significantly less than that of those with a light infestation, and on the later date 
the yield from those moderately infested was also significantly less (at the 5 per 
cent probability level). 


CONCLUSIONS 


Although the figures for the effect of infestation on the plants were not 
obtained in a controlled experiment, they serve to indicate that a fairly heavy 
infestation can cause a deterioration in the general vigour of the plants, 
premature yellowing of the leaves, and an appreciable drop in yield. The 
aphid could be a serious potential pest, but its known distribution on potatoes 
in this country is limited to small areas in Lincolnshire and the Isle of Ely, 
where it has been found only on heavy land. The association of the aphid with 
heavy land has also been noted by Rademacher (1949) who quotes a similar 
observation of Hille Ris Lambers. 


No sexual forms of the aphid have been recorded and it appears that the 
asexual forms overwinter either inside potato clamps or indoors on bulbs or 
sprouting potatoes. If, as seems possible, field infestations have their source 
in the chitting houses, inspection of these, difficult as it may be, and, if necessary, 
fumigation, might at least prevent major outbreaks. 


In the course of our observations in the field we found the aphid infesting 
charlock, coltsfoot, black nightshade, annual nettle, and couch-grass. It has 
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previously been reported in this country or abroad on periwinkle, lesser bind- 
weed, violet (Glendenning, 1929), silver weed (Potentilla anserina) (Hille Ris 
Lambers in /it.) shasta daisy, morning glory and tulip. 


Grateful acknowledgment is made to Mr. J. Ritchie and Mr. J. J. Williams of the N.A.A.S. 
. Loge al in this work ; and to Mr. R. M. Dixon Spain of Thorney for allowing the use 
s fields 
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VIRUS YELLOWS OF SHALLOTS 


by D. M. HENDERSON* 
Royal Botanic Garden, Edinburgh 


Shallot Virus Yellows (Plate II, 2) has been known in England and Wales since 
1936 (Scilly Isles, 1933) and in Scotland since 1940. The symptoms were 
described by Green (1945), who gave some typical data for effect on yield and 
reviewed the information then available about the disease. So far, however, it 
has received little investigation, and it has still not been compared experi- 
mentally with the Yellow Dwarf disease of onions in the U.S.A. described by 
W. J. Henderson (1935). 


Survey work has shown that the virus yellows disease—characterized by 





* Formerly at the Seed Testing, Plant Registration and Plant Pathology Station, East Craigs, 
Edinburgh. 
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Virus YELLOWS OF SHALLOTS 


stunted growth and premature yellowing of leaves—is widespread in Great 
Britain, often causing much reduction in the size of bulbs (Moore, 1948 ; 
Foister in /it.). Foister carried out a survey in Scotland in 1942, however, and 
found that a number of stocks were surprisingly healthy. It was recognized 
that such stocks should be used for the provision of healthy sets and, as an 
official inspection and certification scheme could not then be initiated, a 
number of growers as well as the agricultural colleges in Scotland were 
encouraged to rogue their stocks for this virus with the object of raising virus- 
free stocks for sale. In 1947 a certification scheme for shallots was introduced 
by the Department of Agriculture for Scotland, and this has been successful in 
still further improving the health of Scottish stocks. 


The conditions of this scheme now demand that stocks for certification shall 
be grown at least 50 yards from any beds of onion, leek, chives, garlic or 
vegetable marrows, or from any shallots not entered for inspection or carrying 
more than 0-5 per cent of visible virus infection. For certification, stocks must 
contain not more than 0-5 per cent visible virus infection—or mildew or other 
leaf diseases that might conceal virus infection—and they must be reasonably 
free from root diseases. As, however, the distance of 50 yards was arbitrarily 
chosen, investigations were made on the transmission of the virus under Scottish 
conditions. The field experiments here described were carried out at East 
Craigs, Edinburgh, beginning in 1949, utilizing a heavily-infected stock of red 
shallots as the source of virus. 


TRANSMISSION OF THE VIRUS 


Preliminary experiment showed that the virus was sap-inoculable with 
difficulty to young shallots and onions, but that it was not transmissible to 
tobacco, Datura stramonium, Nicotinia glutinosa or cucumber. In these respects 
the virus agrees with that of Onion Yellow Dwarf, as described by Smith (1937), 
rather than that of Cucumber Mosaic. 


Aphid transfer tests from shallot to shallot showed that apterous Aphis fabae 
Scop., Myzus persicae Sulzer and Myzus ascalonicus Doncaster, were all vectors. 
The two former species feed with reluctance on shallot and often die within a 
few days of colonization. 


The effect of a fasting period before infection feeding was particularly marked 
with Aphis fabae, but it was also evident with Myzus persicae and M. ascalonicus. 
In an experiment with apterous A. fabae, using two aphids per plant, an infection 
feed of 4 days, and a test feed of 2 hours, six plants out of eight became infected 
when the aphids fasted for four hours before the infection feed. Using another 
eight plants, however, none was infected when there was no such fasting 
period. 


Experiments with apterous M. persicae, using short feeding times, showed 
that a test feeding period of 10 minutes was sufficient for transmission and also 
that the virus could be picked up in an equally short infection feeding period. 
With 3 hours infection feed and 10 minutes test feed, one plant in five was 
infected ; with 10 minutes infection feed and 16 hours test feed, two plants in 
five were infected. These results suggested that the virus may be of the non- 
persistent type ; but later attempts to confirm this by conducting serial transfers 
of single aphids were inconclusive owing to the extremely small proportion of 
the aphids which became infective. A 
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In a series of experiments to compare M. persicae and M. ascalonicus as 
vectors, the latter proved slightly less efficient : 


Vector Preliminary Fast Infection Test Feed No. of Plants Infected 
hours Feed hours (out of 20) 
M. persicae .. “ 4 2 hours 12 6 
nil 10 minutes 12 1 
4 10 minutes 12 4 
M. ascalonicus ae 4 2 hours 12 1 
nil 10 minutes 12 0 
4 10 minutes 12 1 


Nevertheless, M. ascalonicus, which frequently infests shallots in storage, may 
be the most important vector, since other aphids do not feed readily on shallots. 
A series of transfers of M. ascalonicus from infected plants to dormant shallots 
gave negative results. 


SPREAD OF THE DISEASE 


Two field experiments on the spread of shallot yellows virus were started in 
1949, and a third in 1950; all were concluded in 1951. 


The first experiment was designed to test whether the virus was readily 
transmissible over distances comparable to the isolation distance required in 
the certification scheme. The plan of the experiments was essentially similar 
in 1949 and 1950. In 1949, a central block of 240 infectors was bounded to the 
east and west by blocks of about 240 healthy plants, and to the north and south 
by blocks of about 80 healthy plants. Two further blocks of 240 healthy 
plants were separated from the infectors by the east and west blocks of 
healthy plants and by two blocks of potatoes 34 feet wide. The same layout 
was used in 1950, but each block was planted with two sets from each plant 
of the corresponding block in 1949, so that all the blocks were of twice the area. 


There was no evidence of any spread of virus in 1949. The spread in 1950 
was ascertained by growing on, in 1951, one shallot from each clump harvested 
in 1950. The shallots were grown in separate plots according to the block from 
which they were taken, and then the plants showing symptoms of infection were 
counted. By this means it was found that the proportion of the plants which 
became infected in the blocks adjoining the central block of infectors to west, 
north, east and south were 1-05, 3-57, 0-95 and 3-57 per cent respectively. 
In the two outlying blocks screened by intervening potatoes, the percentages 
were 0-3 and 0-0. 


The second experiment, laid down in 1949, was designed to test the relative 
susceptibility to infection of two differing stocks—one typical of the yellow or 
Dutch shallot, and the other of the Large Brown or Large Russian shallot. 
In each of four blocks the infectors were planted in two longitudinal and two 
traverse rows to form a cross. The four quarters of each block were then 
planted each with sixteen healthy plants of the yellow or of the brown stock to 
give an equal number of plots of each in a randomized block layout. Spread 
in 1949 was limited to two plants in the yellow shallots and one plant in the 
brown. Counts on the progeny in 1951 showed a spread in 1950 of 12-9 per 
cent among the yellow and 2-7 per cent among the brown. The difference was 
barely significant at the 5 per cent probability level. 
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The third experiment, laid down in 1950, comprised a rectangular block of 
25 x 17 plants, the third, seventh, eleventh and fifteenth rows being occupied 
by infectors. Counts on the progeny grown on in 1951 showed that 13 of the 
317 plants (4-1 per cent) had become infected in 1950. Eleven of the 13 diseased 
plants were in rows adjacent to the infectors. 


The three experiments indicated that plants immediately adjacent to diseased 
ones are the most likely to become infected, and that, under the conditions of 
the trials, spread over such a relatively short distance as 34 feet was slight. 
Thus the isolation of 50 yards required under the Scottish Certification Scheme 
seems more than adequate. 


EFFECT OF YELLOWS ON YIELD 


To compare the yield from recently-infected with that from symptomless 
plants, the produce of 21 infected plants in the second and third experiments 
(in 1950) was harvested, together with that of two nearby symptomless plants 
(usually adjacent ones) for comparison. The clumps were allowed to dry in the 
laboratory for about a month and were then weighed individually after removal 
of earth and loose plant debris. The 21 infected plants yielded an average of 
54-5 grammes of shallot bulbs, whereas the symptomless plants gave a mean 
yield of 91-9 grammes. The difference between the mean yields was significant 
at the 1 per cent probability level. 


These results support those obtained by Green (1945) and show how greatly 
Shallot Virus Yellows can reduce yield, even in the first year of infection. Field 
observations suggest that progeny of infected plants are increasingly more 
severely affected from year to year. Fortunately, the rate of virus spread is 
slow and, with isolation, there seems no reason why a good stock should not 
be kept substantially free from infection for an indefinite period. 


This work was carried out at the Seed Testing, Plant Registration and Plant Pathology 
Station, East Craigs, Edinburgh. I am indebted to Mr. J. McA. Todd for permission to use 
some of his results. Thanks are also due to Dr. C. E. Foister and his staff for helpful 
suggestions and assistance with the experiments. 
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MANGOLD FLY SURVEYS IN ENGLAND 
AND WALES, 1946-50 





Contribution from the Conference of Entomologists, National Agricultural 
Advisory Service, compiled by J. H. White, N.A.A.S., Shardlow, Derby 


Survey observations on Mangold fly, Pegomyia betae Curt., in sugar beet and 
mangold crops were made by the advisory entomologists in all regions of 
England and Wales during the years 1946-50. As Strickland has pointed out 
(Plant Pathology, 1953, 2, 78-9), the work was exploratory, and much reshaping 
of the survey methods was required, in the light of experience, year by year. 
Many difficulties were encountered, and, because of the changing bases of 
assessment, it has not been possible to compare the populations of the fly, or 
the extent of the damage caused by them during the several years. Much 
ecological information has, however, been obtained, and experience has been 
gained on which it is hoped that future assessment work can be more surely 
based. 


SURVEY IN 1946 


The procedure of assessment, as attempted in 1946, was to select a minimum 
of five well-distributed fields in each advisory province, and, for estimations on 
the first generation of the fly, to take ten samples of one yard of row in each 
— in June, and record the number of plants in each sample on which the fly 
wa “ absent”, “ present in small numbers ” (as judged by leaf blotches), or 

“tna in large numbers”. The fields were visited again in August to record 
any attack made by larvae of the second generation. For this purpose, the 
presence or absence of larvae was recorded for one outer leaf from each of 100 
plants taken at random. 


TABLE 1 


MANGOLD FLy ATTACK ON SUGAR BEET AND MANGOLDs, AuGusT 1946 


Province* No. of Fields No. of Leaves No. of Leaves Percentage 
Examined Examined Mined by of Leaves 
Larvae Attacked 

Northern .. as 4 400 315 79 
Midland .. ae 9 900 643 71 
Yorkshire .. a 8 800 302 38 
North-Western .. 6 600 166 28 
West Midland... 11 1,100 154 14 
South-Eastern... 14 1,400 233 17 
Southern .. ae 8 800 87 11 
Western .. aa 9 900 17 2 
South-Western .. 14 1,400 5 0:4 
North Wales ac 5 500 60 12 
South Wales ag 4 400 4 1 


* Advisory provinces before the inception of the N.A.A.S. 


Although the procedure for the observations in June seemed straightforward, 
the information obtained by it was difficult to interpret, and in only one area 
was it possible to tell the percentage of plants attacked. Uniform counting was 
difficult when the maximum activity of the first generation of flies occurred at 
the time for singling the crop. On some fields, particularly in the south, singling 
had been completed when counts were made, whereas in the northern half of 
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MANGOLD FLy Surveys, 1946-50 


the country the fly was most active, and the counts were made when the plants 
were in the cotyledon stage. When singling, it is a common and sensible 
practice to leave the plant least attacked by Mangold fly. These factors, 
especially the relationship between Mangold fly attack and singling, caused 
considerable difficulty—first, in assessing populations and, secondly, in correlat- 
ing any population assessment with the subsequent extent of damage on the 
crop. There was an indication, however, that first generation attacks were 
heavier in the northern half of the country than in the south. 


There was more uniformity in the August counts as the sampling procedure 
at that stage was more rigid. Table 1, summarizing these results, shows that 
second generation attacks were also heavier in the north than in the south. 
The figures do not, however, give any indication of the leaf area lost as a result 
of the attack, or of the extent to which the plants recovered from it. 


SURVEY IN 1947 


In 1947 two series of observations were made in June, before and after 
singling. Ten samples of 2 feet of drill, and ten of 5 yards of drill, respectively, 
were taken in each field, and the total number of plants, and of mines made by 
the larvae, were recorded in each sample. 


Attacks in the spring of 1947 were heavier than in 1946, and it was noted 
that the eggs were laid in batches and several larvae fed gregariously within a 
single mine, so that the number of mines could not define the severity of the 
attack. It was also noted that in heavy infestations many leaves were completely 
destroyed. In some attacks there was not sufficient foliage to support the large 
larval population, and it was not known to what extent larvae migrated from 
leaf to leaf. Fields of root crops often had high populations of Chenopodiaceous 
weeds that were also attacked, but the numbers of larvae in such weeds were 
not assessed. 


TABLE 2 


MANGOLD FLy ATTACK ON SUGAR BEET AND MANGOLDs, AuGuUsST 1947 


Province No. of Fields Percentage of Plants 
Examined with Mangold Fly Damage 
None Slight Severe 
Northern ae 7 4+ 94 2 
Yorks and Lancs 12 18 61 11 
West Midland a 85 14 1 
East Midland 5 44 55 1 
Eastern ae ae $ 88 12 0 
South-Western (Bristol) .. 5 29 70 1 
South-Western (Starcross) 6 92 8 0 
North Wales ; 4 65 35 0 
Mid Wales 4 1 71 28 
South Wales 6 61 38 1 


Egg counts were attempted in one province, but in a heavy attack where all 
the leaves were mined, blackened and shrivelled, accurate counts could not be 
maintained. Where heavy attacks developed it was also impossible to adhere 
accurately to the sampling procedure for number of mines. But, despite heavy 
attacks, no field was recorded as a failure because of Mangold fly damage, nor 
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could it be said that the number of plants remaining after singling was materially 
reduced, for most of the plants that were badly attacked were chopped out 
during the singling process. Enough information was obtained in 1947 to 
indicate that first generation Mangold fly attack was well above normal, but 
the corresponding loss in weight of crop was not ascertained. 


For second generation attacks in 1947, observations were made on 100 
plants per field, selected at random: the plants were classified as “‘ clean ”, 
“* slightly attacked ” and “ severely attacked ’’. The division between “ slightly ” 
and “ severely attacked ’’ was uncertain, but the summary of results (Table 2) 
showed less severe damage than might have been expected after the heavy 
attacks in June. In general, crops recovered well and, as far as could be 
ascertained, yields were apparently little reduced. 


SURVEYS IN 1948, 1949 AND 1950 


In 1948 work was devoted chiefly to the study of survey methods. August 
observations were made in six provinces, but the ways of recording were too 
diverse to permit presentation of the results in tabular form. It was found that 
the singling process, and the time it was carried out in relation to the develop- 
ment of the fly, made comparative counts of the first generation very difficult, 
and workers in two provinces made a special study of methods for the assess- 
ment of second-generation populations and leaf damage. As a result of this 
work they advocated the examination of 100 plants in a diagonal traverse of 
the field, recording the presence or absence of the pest on each of the plants, 
and also the number of affected leaves on every tenth plant. Indications would 
thus be obtained not only of the scale of the attack (percentage of plants affected) 
but also of its severity (number of leaves affected per plant). 


This method was used in all provinces in 1949 and 1950, and the results 
obtained are summarized in Table 3. The attacks in both years were generally 
light, tending again to be rather more severe in the north of the country. The 
highest averages were for the Northern and East Midland provinces in 1949, 
where between four and five leaves per plant were mined by the larvae. 


TABLE 3 


MANGOLD FLy ATTACK ON SUGAR BEET AND MANGOLDs, AUGUST 1949 AND 1950 


Province Average Percentage Average Number of 
of Plants Attacked Leaves Attacked 
per Plant 

1949 1950 1949 1950 
Northern ne re a 87 61 4 3 
East Midland se ce 77 30 5 1 
South Wales .. aa a 40 0 p 0 
Mid Wales .. a Ss 29 64 1 3 
North Wales v2 ee 26 -- 1 — 
South-Western (Starcross) .. 7 0 1 0 
West Midland 6 J 0-1 0-1 
South-Eastern (Wye) be 3 — 0 — 
South-Western (Bristol) .. 2 0-002 0-02 0 
Yorks and Lancs > 1 0-01 0 0-03 
South-Eastern (Reading) 1 1 0 0-04 
Eastern rh 0 _- 0 _— 
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MANGOLD FLY Surveys, 1946-50 


CONCLUSIONS 


Experience in the years 1946-50 showed that, though it may be possible to 
estimate the population of Pegomyia on a crop, it is difficult to estimate the 
damage caused by this population except in terms of the extent of leaf damage 
at a particular stage in the development of the plants. The ultimate effect on 
yield will depend on the growth stage, size, and rate of growth of the plants in 
relation to the activity of the pest. 


It is extremely difficult to obtain comparative observations on singled and 
unsingled crops. In unsingled crops there is often an even distribution of the 
pest, but in crops where singling has been done when the fly is active, there is 
increased ovipositing on a smaller plant stand. It is not known whether a low 
oviposition over a whole unsingled field has greater or less effect than a greater 
oviposition from the same level of fly population on larger plants in a smaller 
stand. 


First generation estimates can take three forms: egg counts, larval counts 
and assessments of leaf area destroyed. For egg counts to be satisfactory and 
capable of being used as an index of infestation, they must be made at the end 
of the oviposition period. The length of this period gives rise to difficulty, for 
at the time of maximum egg-laying many of the early eggs have hatched and 
the empty eggshells become concealed in the shrivelled mined tissue. The 
presence of Chenopodiaceous weeds also gives rise to difficulty, for egg-laying 
on Chenopodium album and Atriplex spp. has been found to upset counts on a 
field crop. The number of eggs laid on the crop plants by a given fly population 
is affected by the cleanliness of the crop (that is, by the number of weeds sharing 
the egg load). In using counts of larvae for comparative purposes it is desirable 
to defer the counting until all eggs have hatched, but experience has shown that 
by this time, in a heavy attack, all the plants have passed the stage at which 
accurate counts of any kind can be made. In attempts to base estimates on 
the percentage of leaf area destroyed, the size of the plant at the time of the 
observation must be taken into consideration. A 40 per cent loss of leaf on 
an 8-leaf plant is a heavier attack than a 50 per cent loss on a 4-leaf plant. 
It is clear that the making of first generation counts is fraught with many 
difficulties, arising, in the main, from the variable dates of sowing in different 
parts of the country, the extended oviposition period and the process of singling. 


Second generation estimates tend to be restricted by the plant size in mid- 
summer. Egg and larval counts at this time may take so long that they are 
impracticable ; in a heavy second-generation attack it is not unusual to find an 
average of between 100 and 200 eggs per plant. Estimates of leaf area destroyed 
are certainly quicker, and probably more strictly comparative, than egg or 
larval counts. By July or August plant size tends to be more uniform than 
earlier in the season. 


The indications are that the most severe damage occurs in the north of 
England and in Wales, but crops appeared to recover well, even from the 
severest attacks observed. More detailed work is needed, however, before 
further progress can be made in devising sound methods for estimating the 
damage caused by Mangold fly, and for relating the damage to levels of fly 
population. 


WHEAT BULB FLY IN 1953 





In the early months of 1953, winter wheat in the chief cereal-growing districts 
of England suffered unusually severe damage by larvae of the Wheat Bulb fly, 
Leptohylemyia coarctata F. First reports of this damage were received at the 
end of February, and even at this early date there were indications that the 
attack was likely to be very severe. By the end of March it had become clear 
that damage to cereal crops was on a more serious scale than any previously 
recorded. The East Midlands and eastern counties suffered the brunt of the 
attack, but the damage extended to Durham in the north, to Staffordshire and 
Worcestershire in the west and to Hampshire in the south. 


In the East Midlands it has been provisionally calculated that some 23,000 
acres of wheat were a total failure and had to be redrilled, and a further 23,000 
acres were thinned to such an extent that partial redrilling was necessary. Of 
the counties in eastern England, the Isle of Ely suffered the most damage. This 
sub-county normally grows about 60,000 acres of wheat ; 30 per cent of this 
was a total loss, 13 per cent was so badly damaged that it had to be patched with 
spring wheat or barley, and 12 per cent was thinned. In Cambridgeshire 7,500 
acres of wheat were affected out of some 40,000 acres sown. In Huntingdon 
and most of the other eastern counties failures were more of the order of 4—5 
per cent of the acreage drilled. Although damage occurred in some counties 
(e.g., parts of Leicestershire and Northamptonshire) where the pest had not 
previously been troublesome, the records so far received suggest that there 
was very little extension westwards or southwards of the normal range of the 
fly. More detailed information on a parish basis is being collected. 


Wheat Bulb fly has long been regarded as a pest of wheat sown after a bare 
fallow, but it has been known for some years that wheat is also attacked when 
grown after root crops and potatoes. In the East Midland and Eastern Provinces 
in 1953 some very severe attacks occurred in wheat grown after potatoes and 
some damage was also recorded after other root crops, as well as after 
brassicas and peas. Extensive damage also occurred in winter barley, and there 
were a few partial failures of rye. There were also records of damage to spring 
wheat and barley sown in fields where winter wheat had been a complete 
failure. 


Hybrid 46 is the wheat variety most widely grown in the Isle of Ely and some 
neighbouring districts, and though it appeared to suffer more damage than other 
varieties it is not known whether there are any real differences in varietal 
susceptibility to the pest. 


The severity of the attack appears to have been due to high egg and larval 
populations coinciding with poor germination conditions for wheat. On the 
fens, for example, many fields of wheat following potatoes had larval populations 
of 800,000 per acre or more. Because of adverse weather conditions in the 
autumn and winter of 1952 (see Plant Pathology, 1953, 2, 104-5) much wheat 
sown after mid-November had only just germinated by the time the Wheat 
Bulb fly eggs hatched in the early months of 1953 ; plants attacked at this stage 
never appeared above ground, and on many fields, instead of the typical damage 
confined to the main shoots, there was complete killing of the plants, with 
resulting thin stands and gappy drills. Depth of sowing of seed also appeared 
to be an important factor ; in the Isle of Ely less damage was caused to wheat 
with shallow sowing on a firm seedbed than with deeper sowing on a loose 
tilth. 


Plant Pest Survey 
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CEREAL ROOT EELWORM 


There has been an increasing number of reports during recent years of serious 
damage to corn crops by Cereal Root eelworm (Heterodera major). Although 
more information is needed to determine its exact status as a pest, it is clear 
that in several counties this nematode is already a serious threat to cereal 
growing. It is most prevalent on oats but is also common on wheat and barley. 


The greatest losses have occurred in the West Midlands, where H. major has 
been recognized as an important pest since the 1930s ; it has also been known 
in Yorkshire for some fifteen years and is now fairly widespread in Lancashire. 
In the counties farther to the north, recent survey work has indicated that the 
pest is confined mainly to the eastern half of County Durham. In the south 
it appears to have increased rapidly in recent years on the Hampshire chalk 
downs, and is thought to be fairly common on the adjacent chalkland of 
Wiltshire. This increase can probably be related to the considerably increased 
cropping with cereals—especially wheat—during the Second World War, when 
large areas of former sheep pasture were turned over to arable cultivation. 
In East Anglia and the East Midlands the number of fields reported to be affected 
has risen sharply in the last two years, although increased awareness of the 
problem has no doubt been partly responsible for this. Cereal Root eelworm 
also occurs both in the south-eastern and in most of the south-western counties, 
but in these areas it does not, at present, cause serious losses. The eelworm has 
been long established in Flintshire, bordering on the badly-infested West 
Midland area. In the remainder of Wales the pest appears to be on the increase 
but, to date, comparatively few fields are infested. In Scotland, apart from one 
report in Aberdeenshire, Cereal Root eelworm has been found only in the east. 
It has not yet been found in Northern Ireland. 


There is a need for detailed survey work to obtain more precise information 
on the distribution of Cereal Root eelworm in relation to soil types and farming 
practice, but before this can be done information is required on the variations 
in population levels which may be expected within and between fields, and on 
the relative efficiency of different sampling methods and laboratory techniques 
for the detection and assessment of this eelworm. It is hoped to obtain some of 
this information from investigation work which has been carried out this year. 


Plant Pest Survey 


POTATO SKIN SPOT IN 1953 


For the last three seasons Skin Spot (Oospora pustulans Owen & Wakef.) 
has been unusually prevalent ; indeed, not since 1936 has the disease attracted 
so much attention. In 1953 it was frequently seen on consignments of seed, 
mostly from Scotland, either on arrival in England or subsequently during 
storage. It was also commonly found on tubers dug from the field because they 
had failed to come up, although failure to sprout—also extremely common this 
year—was by no means always associated with Skin Spot. Other causes or 
factors, including the cold, dry soil conditions which prevailed aimost everywhere 
just after planting, were also in part responsible and, doubtless, were sometimes 
operative even when Skin Spot was present. 


In the north the incidence of the disease was well above normal. A severe 
attack observed on Majestic in February was followed later by reports of equally 
severe infections on a number of varieties, including Arran Chief, Ulster Prince 
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and Dr. McIntosh. Experience with seed consignments was much the same in 
the West Midlands and eastern counties, and, subsequently, severe Skin Spot, 
associated with failure to sprout, was found in crops of Red King, King Edward, 
Arran Banner, Majestic or other varieties in one or both areas, as well as in 
the East Midlands. Two attacks deserve special mention. One 5-ton consignment 
of King Edward examined in Cheshire revealed that 50 per cent of the tubers 
were infected, 20 per cent of them substantially, and in the East Midlands a 
clamp of ware Majestic, kept until May, was rejected for human consumption 
because every tuber was affected to some extent. The disease was reported less 
frequently in the south, but instances of failure to sprout in association with 
Skin Spot were observed in Wiltshire, Gloucestershire and Somerset. Though 
Skin Spot is most often met with on seed from Scotland, it is not restricted to 
potatoes grown in northern districts, and in 1953, as in some previous years, it 
was observed occasionally on tubers grown locally in the eastern counties. 


Plant Disease Survey 


NEW OR UNCOMMON PLANT DISEASES AND 
PESTS IN ENGLAND AND WALES 


“Net Blotch ’’ of Field and Broad Beans. A disease of field and broad beans 
caused by Pleospora herbarum Rabenh., to which we have given the name 
“Net Blotch,” caused premature defoliation of thick stands of field beans in 
Somerset, Gloucestershire, Wiltshire and Dorset in 1947, but is now much less 
common. Ash-grey blotches, with ill-defined, net-like or dendritic margins 
(Plate II, 1), extend over the older leaflets, which become brittle and fall off. 
In addition, under moist conditions, abundant olive brown, dusky olive or 
black cushions of conidia, typical of Stemphylium botryosum (Neergaard, 
Danish Species of Alternaria and Stemphylium, 1945), the imperfect stage of the 
fungus, are produced. The fungus was readily isolated, and produced perithecia 
in culture. When spore suspensions were sprayed on to healthy field and broad 
bean plants the characteristic symptoms developed ; the blotches on the leaves 
of broad beans tending to be black rather then grey. The fungus can overwinter 
on stacks of dead bean haulm, and will infect nearby bean plants in early spring. 
Lucerne is also attacked by this fungus in the south-west—it was prevalent on 
lucerne in 1950 and 1951, when it could not be found on beans. 

MOIRA C. D. JUSTHAM AND L. OGILVIE 


Snow Rot on Barley. In March 1953, small groups of plants scattered 
throughout a barley crop, variety Pioneer, at Darlington, Co. Durham, were 
showing browning and shrivelling of the outer leaves. Sometimes a run of 
6-12 inches of drill was involved. Affected plants were covered, just above and 
below soil level, with a dense weft of white mycelium in which small brown 
sclerotia subsequently developed (Plate III). The symptoms and characters of 
the fungus were typical of those described for Snow Rot caused by the fungus 
Typhula itoana Imai. This fungus has been recorded in this country only once 
before (Trans. Brit. mycol. Soc., 1945, 28, 132-3). The previous crop on the 
field had been potatoes which had followed two successive barley crops preceded 
by a four-year ley. The crop was given a top dressing of nitrogen in April and 
made very good growth. When visited in August, just after it had been harvested, 
it appeared to have yielded very well, but gaps in the stubble where the plants 
had been thinned out were still visible. HH. E. CROXALL AND F. JOAN MOORE 
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